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ByJ.FordJohnstcmandEdwardC.B.Canforth

SU’.’mRY

Firstresultsaregivenofclzordtisepresmre-~istrilmtion
measurementsona ba”swept-backwingattransonicspeeds.These
testsarepartofa fundamentalinvesttgattonofflowphenomena
near sonic velocity bytheNACAwing-flowmethod.Distributions
wereobtainedattwospanwiseextensionsofthehalf-spanmodelof
2-tichchordandNACA65-21oairfoilsectionmeaswd perpendicular
totheIeaaingedge.Theseextensionsplaced.the@ane ofthe
orificesat18-percentana87percentofthestreamwisechordfrcm
the
and

planeofsymmetry.Thecorrespondingaspect
3.5, respectively.

Theresultsindicatethat:

1.Thesectionat18~ercentchordfromthe

ratioswere2.1

rootexperienced
relativelylargechangesInthepressuredistributionas-theMach
numberincreasedtoandbeyond1.0;thesechangeswere toward mqre
positivepressureson the forwardpartoftheairfoilantimore
neetiveontherear,accompaniedbya rearwardshiftofthepeak
negativepressure.

2.Thesectionat87 percentchordfromtherootshowed
relativelysmallchangesindistributionwithMachnumberupto1.05
atzeroliftandlarge changestowardmorepositivepressuresm the
forward.uppersurfaceunderliftingconditionsatsonicspeeds.

3. Forboth.sections,thechangesinpressuredistribution
withMachnumberdidnotindicateaTLyappreciablenetlossinthe
sectionliftbutdidindicatelargeincreasesinthesectimdrag
anddivingmoment,withtheexceptionoftheoutboarastationat
zerolift,
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4. Thepressurechangesatzeroliftwereinqualitative
agreementwiththosetheoreticallypredictedatsectionssimilarly
locatedwithrespecttotheMachconesfromtherootleadingand
trailingedges.

5.Aboveahlachnumherof1.0,theregionofhighdragdueto
therootexbndsfartheroutboardwalerLiftingconditions*
at zero lift.

Iwmorlucmm

Thebeneficialeffectofwingsweepbackinreducingthechanges
indragandIiftassooiatedwithtransonicflightspeedshasbeen
amplydemonstratedas,forexample,inreferences1 to3, Cmnparison
oftheresultswiththeE@pletheoryforanInfiniteyawedwing
shows,however,thatthebenefitsobtainedarecmsiderablysmaller
thanthetheoretical.FailuretoreachthetheoreticalresultsIs
usually ascribedtodisturbancesfromtheroot,butnoexperitnentil
investigationsoftheseflowphenomena~_oughthetransonicrange
havebeen,made~reviouslyoJoneshasinvestigated,theoretically,

.

theeffectsoffiniteaspectratioona nonliftingsweptwingIn
supersonicflow (reference4). Forthiscase,itisindicatedthat
disturbancesfromtherootcausea highdraginboardandthatthe 4
tipdisturbancesmaybebeneficial.Thetheoryhasbeenappliedin
reference5 tostudyofdesigaparametersformnliftingswept-baok
**

Inordertodetezmineexperimentallytheflowphenomenaon
sweptwingsattranscmicspeeds,a programofpressuremeasurements
bytheNACAwing-flowmethodhasbeensetup. Thefirstmoael,like
thatofreference1,isanuntapered.k5°swept-backairfoilwith
NACA65-2102-inchchorasectionsmeasuredperpendiculartothe
leadtigedge.

Thesmal.lmod.elsizeLimitsthenumberoforificesand.makes
itaifficu~ttoobtainpressmesneartheleadingandtiailingedges
withouterrorsauetolag.Becauseofthisfact,datasofar
obtainedcoverpressuredistributicmsbackonlytoabout77percent
chordforsectionsnearrootandmitipanfcraspectratios2.1
and3.5, respectively.Greaterchordwise-coverageistobeobtained-j
intheinterim,however,itisfeltthattheresultsofthesefirst
testsofswept-back-airfoilpressuredistributionsthroughthe
speeaofSO~aareofsufficientinteresttojustifyreportingat
thisttie.
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APPARATUSANDPROOEDURE

Theairfoil”(fig. 1) wasmountedtoextaxlintothehigh-speea
alrstreamovera speciallyfairedammunitioncompartmentcoveron
thewingofaP-51Dairplane,asshowninfigure2. Thecurvature
ofthiscoverplatewasselecteatogivemallhorizontalveloci@
gradientsatthemodelpositionuptotestMachnumbersofabout1.05.
TypicalgradientsandtestReynolds1numbersaregivenb figure3.
Perpendiculartothecoverplatethevelocitydecreasedlessthen
1 percentperinch.Theflowangles=avelocitiesatthemoael
yositionwerecalibratedasinreference1.

A sketchofthe45°swept-backmodelanaitsmountingonan
endplateflushwiththeatrplenewingsurfaceisgiveninfi@re4.
Thegapbetweentheairfoilanaenrlplatewassealedtoprevent
leakage.Theairfoilsectionsperpendicular-totheleadtngedge
wereofNACA65-210yrofileend2-inchchord.Thetipwascutoff
paralleltotheairstreamandslightlyromdea.Pressure
distributionsreportedhereinwereobtaineafromupper-andlower-
surfaceorificesina planeparalleltoand~ inchesinboaraof
the tip.As theairfoilwastestedatextensionsgiving5-inch
and3-tichsemlspans,the+estsecticmwasatn percentsemispan,
aspectratio3.5,ma 18percentsemispan,aspectratio2.1,
respectively.Intermsofthechordparalleltothe”stream,these
stationswereat0.87 and0.18chortlfromthe-planeofsymmetry.
Thewingboundary-layerthicknessatthemodelyositifmwasofthe
orderof0.1inch,or0,035modelchord.Theeffectsofa boundary
layerattherootofa sweptwinghavenotbeenevaluatea.Therefore
theInhoerapositimoftheorificeplanewastakenasnotcloser
thanone-halfinch(0.18chord)totherootinanattempttoavotd
largeboundary-layereffects.

Testsweregenerallymadewithsevenoriftcesontheupper
andsevenorificesonthelowersurfacetomakesureofhaving
upper-analower-surfacedistributionsatthesameangleofattack,
TheorificeIocaticmsareshownh figurek. ~ oraertocheckthe
fairingofthedistributions,flightswerealsomadewithall
orificesononesurfacee

Eachtestwasmadebydivjngtheairplanefrom28$000feet
altitude‘ata 25°angle,untilemairplaneMachnumberof0.72was
obtained.This’proceduregaveMachnumbersatthemoaelstation
frc?no.7tcl1.1. Ccmttiuousrecordsonstan&ardS?ACArecording
instrumentsweretakena~tigthediveofmobl ai~oilpressures
andangleofattack,airplanetipactpressureananormalacceleration,
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andaltitudepressure832ateqpera-ture,Themodelanglewas*e&
bya motor-drivencam~ich producedanglesofattackky2°steps
frcn-2°to4°duringtest.Bythismans eachcd’theintermediate
angleswasobtainedabouteighttimesduringa dive,andtheend
angles,-2°end4°,wereobtainedaboutfourthnes.
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13JSlETSANDDIXX1’SSION

Fromthefafreilcumesofthemressure

5

.—. .

ateachorificeasa
functicmofMachnumberandan~e~ attack,pointswere-takenoff
ateag~esof-2°,OOp2°,andP andatcalibratedMaohnmibers
cOrrectOaforverticalgradientsof”OJ30,0.90,1.00,*d 1*O5.
Thepressuredistributionssoobtiinedareshowninfigures5 and6.
A strikingfeatureoftheseplotsisthealmostcomplete
disappearanceofnegativepressurepeaksattherioseastheMach
numberapproaches1.0..At thesametime,thereisaninoreasein
thenegativepressuresnear midchord,Forthesectionnearthe
root,thereisalsoa pronouncedrearimramovementoftheposttion
ofmaximumsuctlcnonbothsurfaoes,

Theseeffectsmaybe studliedtireconvenientlyM figures7
=a 8 for‘anglesof-20forzeroltftma ofkofora”lifting
condition.Thesimplestcaseisthatofzerolifii,ftgure7Q Eere
theeffectsof’thedtiferencesinaspectratiofor”thetwosetsof
pressuremeasurementsart3smallma theprincipaleffectsarethose
ofMachnwiberanddistmcefrcmtheroot.Itmayhe seenfrom
figure7 that the sectionsdifferconsiderablyh pressureaistii-
lxztionevenat M = o.8 andthatthemid.spanstationy * O.87c0
showsrelativelysmallMachnumbereffectsascompareawiththe
stationnearthemot. Atmidspan,“increasingMachnumberbeydlO.9
resultsinsltghtlymorepof3itive pressuresnearthenoseScldmore
negativepressuresnearmidchofion‘bothupper~a lower surfaces,
butthepeaknegativepressuredoesnotmovelehind~ztmuhthick-
nessupto M = 1.05.Thesectionnetitherootischaracterize~
byrelativelylargerincreasesinpositiveyressureaheadofmaximum
thiclmessandpronouncedrea-d shif%ofthepeakne~ative
pressureastheMachnumberreaches1.0.

Fortheliftingccaiiition(fi~’.8) thetwosectbn~cannotbe
compsreddirectlyatthesameangleofattack%ecauseoftie -
clifferenceh aspec=tratio,Theprincipalfea+ureisthed.i6-
appearanceofthenegativepeaksatthenosesofbothspcticms
withincreasingMachn~ber. Thechangeisrela%iveiycontinuous
framM = O.8“forthesecticmneartheroot,but@kes‘plme”
%etweenM = O.9 end M = 1,0 forthemidspanstatim.Again
itmaybenotedthatthepeaknegativepressureg%tidepandoes
notncmebeyonamaximumthichessjtihereas-thereisa lyxmouncedI
re~d shiftbeyondthemidchordforthesecticmneartheroot.
Thelargechang6softheupper-surfacepressuresn~r thenoseas
co~~ed withthelower surface indicate a shiftofthestagnati~
pointtowardthe,upperstiacewithincreasingMachnumber.This
shifttendeatoreducethepresstie“changeswithMach“numberonthe
lower slmface,
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ThechangesinpressvredistributionwithMachnmnbermaybe
interpretedqualitativelyasforcechanges● Forexample,the
increasingpositiveforwardpressures=a therearwwlmovementof
the ~eak negativepressuresforthesecti~nem therootindicate
relativelylargeinoreaeesindragbothatzeroliftenduxd.er
liftingconditions.Themidspansection,cmtheowerWd, shows
onlySMI.I.changesatzerol~t butrelativelylargedragtnoreases
astheMachnuniberreaches 1.0 under Mfta cmditims ~ The fact
thatthepeaknegativepress~edoesnotshift‘beycmdmidchord
tndicatesthatthemoreoutboawlstationprobablyhasless~
thentheothefievenunaerlifttigC0na3ti0n80

Thecenterofliftisseenfromfigure8“to shiftread
withtncreastig Machnumi%erfor IIoth sk@ms, which fiaicates =
increasingdivingmomenteThel$ft“itselfdoesnotappearto‘be
affectedradical~,asthelossofliftfolmardseemstobe
approximatelylalqncedbygainstowardtherear,

..
Itisofinteresttocomparethesepressuredistributionswith

theoreticalanaexperimentalMstrtbutionsonetral@ttingsof the
samesectfcmandMachnumbernormalb thel-dinge~e’ The

. theoreticaldistributiqsmaybeoktainedfromreference6. ~ta
havebeenobt+nedfromtheAmes16-footht@-speedwindtunnelfor
anwnsweptwingofNACA65-210sections,aspectratio9●O,-
taperratio2.5.Thesedataarecomparedwiththetheoretical“
solutiongtvenInfigures9 end10forze”ro”~d positivelift.As
-thedistribtitionsarea hnctlcmprimarilyoftheliftcoefficient,
thecomparismsare”madeatthesamelow-8yeednormallift
coefficientsascomputesusingtheanglesfrcmzeroliftandt+p
assumealift-curveslopes(see%ymlole’1).The“theoreticalpressure
coefficients’havebeehincreasedby thePran&tl-Glauertfactorfor
theappropriatenormalMaqhnumber.‘

Thedistributionsoffigures9 ma 10Indicatethat~e
pressuresatthemidspanstationy = o.8’TC0maybepredictedfrom
thesimpletheoryforbothzerosnamoderateUft coe~fici~tsso
longasthestreamMachnuniberissubsohic.At a st%eamMach
nuniberof1.05,thePredictib~sstillfatr.forzerolift.but
unusatlefortheliftingcondZtion.It>stobenoted,inparticular
thatthebreakdownwithliftat,thesuperscmics~eamMaohnumber
isnotauetothe”sunercritioalnomelMachnuziber.sincethe I.
e~erimentalstrai@rt-wingdistributionhasnosimilarbreakdown.,.

Forthefnboardsectiony = O.I.8c~thesimilaritytothe :
strafght-whg
cltsapparsat
deterioration

distributionsdecreases@th increasingl.lftend
thehigherMachntmibers,fromfixes 7 ma 8J the
progresseswithMachnumberfrcmO.8up.

c~

.

,
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The data sofarpresentedshowthatthesimpletheoryofthe
infinite yawedwingG~astotmeakdownattierootofa ftnite
sweptwing,This&ea ofdisturbanceanddragspreadsoutboar~
attransonicspeeds,partic@ly mdlerliftkg c02iMti0n8. More
accuratetheoreticaltreatmentsofthesweptwinghavebeenmade
forthesubscmicliftingcaseby thelifting-surfacemethoa,
reference7,andforthesupersoniccaseatzerolifth.references4
and5. No treatmentisyetavailableforthesupersmiolifting
conditionwherethewingissweptbackbehindtheMachcone●
Althougha detailed-disoussicnofthesetheoriesisbeyon~the
scopeofthispaper, certain features areofinterest.

First,exednationofthedistributitiofcirculatimona
30°sweptwinginticompressibleflow(fig.1 ofreference7)
revealsthatthecirculationMstiibutionatthecenterisshifted,
relativelyrearward.Byextension,theremy %eexpectida rear-
wardmovement& theoenterofpressureaswellasa probable
reauctionofthenegativepressuresonthenosefnrelationto
thoseatmidsjsn.ThisUfferenoe’isofthetypefound.inthe
presenttests.

I!&thesupersoniccaseatzerolift,reference4 showsthat .
thedistributionattherootisoftheAckeretsupersonictype,
butreduces%y theobliquity,endthattheUstributtcnschange
rapidlytomrdthesubsonictypeasa functionofthesection
distancebehinatherootleading-edgeMachcone.Thedistribution
issuhstentiallyofthesubsonictypewhentheroot leading-edge
Machconeis 1-chordlengthaheadof the leadingedge.At
M a 1~05 (fig.9(b)}theMachccmeisabout60percentchora
aheadofthemidspan-sectionleadingedge,ma aspredictea,the
distributi~atzerolifttsveryneulylikethesubscmic.The
differencesareinthedirectiontheoreticallyindfcated- towezd
moreposittvepressures~eartheleadingedge,followedbya slight
overe~ansbnbacktotheintersectimwiththeMachccmefromthe
roottrailingedgeat‘W or50percentchor+,thena continuous
pressure recoveryhacktothe~atlingedge6 Thetiboardsection,
aspredtctea,hasevenmorepositivepressurescmthefO~a surfaoes
endprcmounceaovere~ansicm%ehindmaximumthiclmess● As thesurvey
extendedonlyto77percentchord,thesharpgressurerecovery
predtctedat85percentchordcoulanothecheckedexperimentally.

Thesupersonicliftingcaseintroducesa newpro%lernoftie
effeetofthepressuredifferencebetween~per andlowersurfaces
ontheinclinattcmoftheflowaheaaofthewing.Theneedfora
theoreticaltreatmentofthiscaseispointedoutbythelargewing
areaoverwhtohthesetestsshowthestipletheorytobeinadequate●
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,, CONCLUSIONS . .

Chordwisep~em+nzre-distri’bution~stsattw~spanwlse.s.tatlbns.
ona swept-laokwingmodelattmnsonic-speedsindicated,that$ .

1. !i!hesectionat18percentbho~afromtheroot”experienced‘
relativelylargechar@esinthepressuredistributionas’theMach’
nvmber’increaaedtoandteyond1.0;thesechsngeswere,toward,
moreyositivepresstiescmthefo~rd partof.theairfoiland
morenegativeontherear,accamp~iedbya reartirdshiftofthe
peaknegativepressure.

2.Thesectionat87percentchordfromtherootshowed
relativelySM1lchangesindistributionwithMachnumberup{6‘2~05
atzeroltftbutlargedlangesti~amore.po~ttivepressureson I“
theforwarduppersurfaceunderlifttngconditzlonsatsonicspee$s.

. .

3. Forbothsections”thechengeoinpressuretlistributiun~th ‘
Machnumberdidnotin~icateanyappreciablenetloss~ the“secti*
lift,butdiatidtcatelarge$ncreasesinthesectiondrag~a
divingmoment,withtheexcep$ionnotedoftheoutboardstation
atzerolift. “ “ i ,>

4.Thepressurechangesatzeroliftwereinqual~ktlve
agreementwiththosetheoreticallypredictedat sectionssimilarly
locatedwithrespecttotheMachconesfromtheroot leadingand
trailingewes.

5.Abovea Machnumberof1.0,there~ionofhlgh”dragdueb
therootex+a%dsfartieroutboardunderliftingconditions%han
atzero‘lifts,,,

...’ ‘, 4.
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NatibnalAdtiso’ryCcmmitteeforAeronautics
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